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Abstract
In order to examine how long diploid cells can be maintained in vitro cultivation without any
chromosomal aberrations and to evaluate the mechanism of chromosomal heteroploid transfor-
mation, changes of chromosomes were studied in the course of serial in vitro transfers in four
normal rat liver cell lines. As a result the diploid cells decreased in number gradually at early
culture stage and disappeared completely in the periods between 350 and 500 days. The culture
shifted to heteroploid as follow: diploidy—tpseudodiploidy—thypodiploidy—thypertriploidy or
hypotetraploidy. This proces to heteroploid transformation is divided into five stages according
to ploidy: 1- and II-stages show diploidy, III-stage, pseudodiploidy, IVstage, hypodiploidy and
V-stage, hypertriploidy or hypotetraploidy. Chromosomal heteroploid transformation and neo-
ploastic conversion occurred in IV-stage of the cultures. A possible mechanism involved in the
process of chromosomal transformation was discussed.
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Chromosome characteristics in most cell lines undergo striking altera-
tion during serial in vitro cultivation, and some of them undergo hetero-
ploid transformation during long-term cultivation in vitro (1-7). Some of
these cell lines, even of normal tissue origin, have shown a malignant
transformation with marked changes of their chromosomes (8-1 n The
first attempt to study the process of the chromosomal transformation in
serial in vitro transfers was made by Hsu et at. with human cells (4), and
LEVAN and BIESELE with mouse cells (7). They were followed by many
investigators using both normal and malignant cells of animals and
human under a variety of conditions (12-15), but there is no available
literature concerning heteroploid transformation of rat epithelial cells in a
long-term culture.
D p to now, there are several courses known in the chromosomal
transformation:
1) diploidy -t tetraploidy -t hypotetraploidy (7, 13, 16).
2) diploidy -t hypodiploidy -t hypotetraploidy (13).
3) diploidy -t hyperdiploidy -t hypotetraploidy (17).
But the mechanisms involved in the chromosomal heteroploid transforma-
tion are unknown. In the present communication, other course of hete-
roploid transformation in normal rat liver cell lines during in vitro cultiva-
tion will be reported.
MATERIALS AND METHOD3
Source of reUs and culture procedures:
Four cell lines were established from liver cells in 5- to 8-day male Donryu
strain rats according to KATSUTA'S methods (18). They are designated as strain
RLN-251, RLN-187, RLN-T7-1, and RLN-E7-2, respectively (Table 1).
In the primary culture the liver tissues were minced with scalpels and the
fragments were explanted on the inner surface of roller tubes without clotting
materials in media. The cultures were done in a roller drum rotating at 10 rph
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TABLE 1. DESIGNATION OF CELL STRAINS USED IN THE PRESENT WORK
Cell strain Sex No. of rat Age Culture medium
RLN-251 male 1 5-day LD+20%BS
RLN-187 1/ 2 8-day 1/
RLN-E7-1 1/ I 5-day LD+20%BS and YLE+20%BS
RLN-E7-2 1/ 1 1/ 1/
and kept at 37°C. The culture fluid was renewed twice a week. Since the second
subcultivation all the strains have been cultivated in static culture and subcul-
tivated with 0.2 % trypsin.PBS solution. LD and YLE were used as culture
media. The former consisted of 20% bovine serum, 0.4% lactalbumin hydrolysate
and buffered saline, mixture D, while the latter of 20% bovine serum, 0.08%
yeast extract and buffered saline. In RLN-E7.1 and RLN-E7-2, culture medium
was exchanged with LD medium for YLE after 402 culture days and 221 culture
days, respectively, to obtain better growth.
Chromosome studies:
Chromosomes were prepared by the air-drying method 24 hours after the
exchanging of the medium. Colchicine (0.001 mg/ml) was added to the cultures
3 hours before harvesting. The entire procedures had been described in detail in
the preceding paper (19). Each chromosome was classified into two groups:
normal chromosome complements and abnormal chromosomes (M-group). The
former was further classified into A-, B- and C-groups according to the size of
chromosomes and the position of their centromeres. A-group consisted of meta-
centrics, B-group, subtelocentrics, and C-group, telo- or acrocentrics. Normal
diploid karyotype is expressed as the following formulae: 14A+8B+20C=42. A
karyotype formulated as IM+ 14A+7B+20C is a pseudodiploid cell that has lost
one B-group chromosome from diploid set and acquired one additional abnormal
chromosome.
RESULTS
Chromosomal changes of normal rat liver cells in the course of serial cultivations:
a) RLN.251 line
Chromosome of this line was analysed 148, 210, 271, 308, 350 and
398 days after in vitro cultivations. (Fig. 2 and Tables 2 and 3).
At culture day 148 the modal chromosome number of cells was 42, at
that time the cell population comprised diploid cells (60%), pseudodiploid
cells (12%), hypodiploid cells (16%) and others (12%). Three pseudo-
diploid cells had one abnormal chromosome. At culture day 210 the modal
chromosome number was 42, but diploid cells decrease to 18 percent.
Conversely, pseudodiploid cells incresed to 46 percent. At culture day
271 the number of cells with 42 chromosomes was 17, but most of them
2
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TABLE 2. CHANGES OF CELL POPULATION IN RLN-25l LINE
Cell population is divided into six groups according to chromosome numbers: diploid
cell, pseudodiploid cell, hypertriploid or hypotetraploid ranged cell, polyploid cell and
others. Most cells in this line were of diploid range 148 days after cultivation, but they
altered to heteroploid range 350 days after cultivations.
Kinds of cell
Culture days
148 210 271 308 350 398
Diploid 60 18 4 2 0 0
Pseudodiploid 12 46 34 26 26 6
Hypodiploid 16 30 54 48 42 14
Hypertriploid Hypotetraploid 0 4 4 16 22 72
Polyploid 0 0 0 2 2 6
Others 12 2 4 6 8 2
showed pseudodiploid karyotype. Hypodiploid cells were observed most
frequently at this stage. They had one or more abnormal chromosomes.
At culture day 308 the modal chromosome number was 42, but only one
diploid cell. The cell population at this stage was the same as that in 271
days, but each kind of ploidy cells tended to decrease, whereas hyper-
triploid or hypotetraploid cells increased gradually. At culture day 350
diploid cells disa ppeared totally, and the culture became heteroploid cell
population. At culture day 398 the culture was distributed in a wide
range of chromosome numbers and had no defined mode, being distributed
mainly in hypertriploid or hypotetraploid range.
Examining the above mentioned process from the standpoint of struc-
tural changes, various kinds of abnormal chromosomes began to develop
with a reduced number of diploid cells from relatively earlier culture
stage. Table 3 shows the results of karyological analysis of metaphases
which were distributed in only diploid range at different culture stages.
In 148th day there are 18 metaphases having 42 chromosmes. Fifteen
out of the 18 metaphases have all normal diploid complements and their
karyotypes are formulated as 14A+8B+20C (Fig. 1, a). Everyone of the
remaining 3 cells is pseudodiploid cell. Two out of the 3 cells have lost
one of the B-1 chromosomes and gained one large extra-subtelocentric
chromosome has a longer arm of B-1. Their karyotype is formulated as
IM+ 14A+ 7B+20C (Fig. 2, b). The remaining one has lost one of the
C.group chromosomes and gained one small extra telocentric chromosome.
The karyotype of this cell is 1M + 14A + 8B + 19C.
When we followed up the cells of which karyotypes were 1M+ 14A
+ 7B+20C during serial in vitro cultivation, there were 12 cells out of the
50 metaphses in 210 days, three in 271 days, and one in 308 days. But
3
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TABLE 3. RESULTS OF KARYOLOGICAL ANALYSIS OF METAPHASE BEING DISTRIBUTED
ONLY IN THE DIPLOID RANGE OF EACH SAMPLE IN RLN-251
Diploid karyotype was formulated as 14A+8B+20C. The cell with karyotype of 1M
+ 14A + 7B + 20C is pseudodiploid cell which gained an extra abnormal chromosome and lost
Chromosome Total148 610 271
no. No. of M A B C No. of M A B C No. of M A B C
cells cells cells
1 2 14 7 20 1 3 13 7 20
43 1 1 14 8 20 1 4 12 7 20
"2 "2
15 0 14 8 20 9 0 14 8 20 2 0 14 8 20
2 1 14 7 20 12 1 14 7 20 4 1 13 8 20
1 1 14 8 19 1 2 13 7 20 3 1 14 7 20
6 2 14 6 20 3 2 13 7 20
1 2 14 7 19 1 2 14 6 20
42 1 3 13 6 20 1 3 14 6 191 3 14 5 20 1 3 13 6 20
1 3 14 6 19 1 3 13 7 19
1 3 14 5 20
1 4 12 7 19
1 4 13 5 20
18 32 19
3 0 14 7 20 1 0 14 7 20 1 0 13 8 20
3 0 14 8 19 1 1 12 8 20
2 0 13 8 20 2 1 13 7 20
1 1 12 8 20 1 1 13 8 19
3 1 13 7 20 1 1 14 8 18
1 1 14 7 19 1 2 12 7 20
41 1 2 14 6 19 1 2 13 7 19
1 3 12 7 19
1 3 13 6 19
1 3 13 7 18
1 4 13 7 17
1 5 11 6 19
"3 12 13
1 0 14 6 20 1 0 13 8 19 1 1 11 8 20
1 1 12 8 19
1 1 14 6 19
1 2 11 8 19
40 1 3 12 6 19
1 5
1 1 13 7 18 1 0 12 7 20
2 1 11 8 19
39 1 2 11 7 19
1 4
1 1 12 6 19
1 3 12 6 17
38 1 4 11 4 19
3
2 1 14 5 17
37
"2
36
4
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one of B-group chromosomes. When the cultures are followed up, the cell population in
early stage has gradually changed to other cells with different karyotype, and they proliferated
for a short time and then disappeared. (implying a marked karyological instability). With
the lapse of time, karyologically various types of the cells comprise the cell population.
culture days
308 350 398
No. of M A B C No. of M A B C No. of M A B Ccells cells cells
2 13 8 20 1 4 11 8 20
2 2 13 8 20
1 -3
1 0 14 8 20 2 1 14 7 20 7 14 5 16
3 1 13 8 20 1 2 12 8 20 3 13 7 19
1 1 14 7 20 3 2 13 8 19 8 12 3 19
1 2 13 7 20 1 3 12 7 20
1 2 13 8 19 3 3 12 8 19
1 2 14 6 20 1 3 14 7 18
1 3 11 8 20 1 4 12 8 18
2 3 12 7 20 1 5 13 6 18
1 3 14 6 19
1 4 12 8 18
1 5 12 6 19
14 13 3
1 1 12 8 20 1 0 13 8 20 1 4 13 4 20
1 1 13 8 19 2 1 13 8 19 1 6 12 6 17
1 1 14 6 20 1 2 12 8 19
2 2 12 7 20 1 2 13 7 19
1 2 14 7 18
1 3 12 7 19
2 4 12 7 18
9 '5 "2
2 1 13 7 19 2 1 12 8 19 1 2 12 8 18
2 2 13 6 19 1 2 11 8 19 1 4 11 7 18
1 4 12 6 18 2 2 12 8 18
1 5 13 5 17 2 3 12 8 17
1 4 10 6 20
1 4 11 7 18
1 4 12 7 17
1 4 13 5 18
1 4 14 7 15
6 IT "2
1 2 13 7 17 1 2 12 8 17
1 3 11 8 17 1 3 12 6 18
1 4 10 7 18 1 5 11 6 17
1 4 12 6 17
4- 3
1 2 10 7 19 1 2 10 8 18 3 12 7 16
1 3 10 5 20 4 10 4 20
1 3 11 7 17 3 11 7 17
1 3 13 5 17
4- 3
1 2 13 7 14
1
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Fig, 1. a) Diploid karyotype of cell with 42 chromosomes from RLN.251. This kar-
yotype is formulated as l4A+8B+20C=42. b) Karyotype of cell with 42 chromosomes
from RLN-251. This laryotype is formulated as IM+ l4A+7B+20C=42 and is accompanied
by appearrance of one large extra subtelocentric chromosome and loss of one of Eol chro-
mosomes (arrow). c) This karyotype is formulated as 3M+13A+6B+20C=42 and is ac-
companied by appearance of 3 abnormal extra chromosome and loss of 3 chromosomes (arrow).
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the cell in 308 days had not the same karyotype as in 211 and 271 days
because of the different type of M-group chromosome. Consequently,
the cells whose karyotype was 1M+ 14A+ 7B+20C had disappeared on
and after 308 days. As such, when the culture was followed up, the cell
population prominent in earlier culture stage had gradually changed to
other cell population with different karyotype, and they proliferated for
a short time and then disappeared, which may imply a marked karyo1ogi.
cal instabi1ity.
Karyotypes of pseudodip1oid cell and hypodiploid cell were diverse
and each cell contained one or more different abnormal chromosomes.
Table 4 shows the frequency and types of abnormal chromosomes in
RLN-251 line during in vitro cultivation. With lapse of culture time,
abnormal chromosomes increased and became more variegated, especially
ST type chromosomes increased more than the other three types after the
disappearance of diploid cells from cell population. At later culture stage
the culture had become completely heteroploid and showed an extensive
TABLE 4. FREQUENCY AND TYPES OF ABNORMAL CHROMOSOMES IN RLN-251
LINE DURING in vitro CULTIVATION
As the time elapsed, the frequency of abnormal chromosome increased and their types
became more diverse, especially ST type chromosomes tended to increase more than the
other three types. (calculations based on 50 metaphases in each sample, except in 148 days)
Kinds of chromosome
Culture days
148* 210 271 308 350 398
T 1 2 1 13 8
ST 3 28 8 13 9 16Large sized
M 1 3 7 4 4
SM 10 9 5 4
T 2 2
Medium sized ST 2 14 10
7
M 1 3 4 10 II
SM 2 2 7 13
T 5 4 I
Small sized ST
4 6 2
M 3 I I I
SM 3 3
Dicentric 7 2 8 14
Others Minute 7 8 8 14
Breaks 3 9 7 8 9
* = Based on analysis of 25 metaphases in this sample
T = telocentric, ST = subte10centric, M = metacentric, SM = submetacentric
7
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Fig. 2 Chanbes of chromosomal distribution of four rat liver cell lines during
cultivation.: The process of heteroploid transformation occurred as follows: diploidy-
pseudodiploidy ->- hypodiploidy ->- hypertriploidy or hypotetraploidy. Diploid cell disappeared
in the periods between 350 and 500 days in vitro.
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structural aberration. Then it is difficult to find out two cells of identical
karyotype at this stage. Furthermore, in one metaphase, almost all of
normal chromosome complements suffered morphological changes and
became abnormal chromosomes. At culture day 398 there was observed
an unstable mixoploidy with many numerical as well as structural aberra-
tions and no stem cells.
b) RLN-E7.l, RLN-E7-2 and RLN-187
These three cell lines were studied as control group in other indepen-
dent experiments together with study of chromosome, but not so much in
detail as with RLN-251. However, it was found that there was a similar
trend as in RLN-251. In RLN-E7·l line the chromosomal distribution of
the culture mainly ranged from hypertriploid to hypotetraploid at 447
days. The culture of RLN·E7·2 line and RLN-187 line still stayed in the
diploid range at 577 days and 589 days respectively. These two lines
would probably be soon shifted to hypertriploid or hypotetraploid range
as RLN-E7-l lines. Diploid cells disappeared in the periods between 430
and 589 days, 312 and 447, and 512 and 577 in RLN.187, RLN-E7-l and
RLN-E7-2, respectively (Fig. 2).
DISCUSSION
The present communication reports the chromosomal changes of the
culture cells derived from normal rat liver cells in order to survey the
length of survival of the diploid cells in serial in vitro cultivation and to
evaluate a possible mechanism involved in the chromosomal heteroploid
transformation.
With respect to the maintenance of diploid cells in serial in vitro culti-
vation, a number of human hematopoietic cell lines from normal persons
have recently been established, most of these lines can maintain the classic
diploid karyotype many cell generations after establishment. After a long
time in vitro cultivation, chromosomal changes occurred in some of these
lines, but these changes in each line were minor and relatively consistent
(20, 21).
It is widely held that most of human fibroblastic or epithelial cultures
retain a diploid mode for about 50-60 subcultivations or one year, and
then they either degenerate or become heteroploid (22). MITCHELL et ai.
(23) reported that diploid cells in each mouse embryonic diploid cell lines
on five different serum supplements begin to decline from early culture
stage (about 10 days) and disappear entirely by 260 days. By 260 days in
vitro all cell lines became heteroploid and revealed mixed modes. In this
9
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report dealing with four rat epithelial diploid cell lines the diploid cells
began to decrease in number by 100 days (4th generation after isolation
of cells frJm tissue explants), and disappeared totally in the period bet-
ween 350 days and 500 days.
It is a difficult problem to retain diploid cells in vitro culture for a
long period of time in high percentage, with exception of human hemato·
p:>ietic cell lines and two rat unusual persistent diploid cell lines (24, 25).
The differences in the neoplastic conversion and chromosome stability
among the different types of sera with mouse cells are reported by several
investigators (23, 26, 27, 28). Especially cells in fetal calf serum show a
less rapid shift away frum diploid number, fewer structural alterations,
and a delay in the onset of neoplastic conversion (6, 13,23, 29). Therefore,
when we use fetal calf serum instead of bovine' serum for rat liver cells in
in vitro cultivation, we can get more reliable data for chrJmosomal stability.
In addition, we are now getting more reliable data for it by using the
colonial sublines of rat liver cells at 5% CO2 incubator.
Next, reports will be made on another process of heteroploid trans-
formation in four normal rat liver cell lines. This prucess is summarized
as follows (Fig. 3) :
(1) The major fraction of cell p:>pulation of the culture in this stage
showed diploidy (8096 or more).
(II) Number of diploid cells declined gradually, and pseudodiploid
(lV)
e ~-
(][)
Diploid
: Hypertri.. and
; Hypotet~aploid
/
I
I
?(V)
I
: : Hypodiploid I
Pseudodiploid ,,"" _. I
: .0'" ~/ ~'" ,"
. )'-. , 1:>.' I
/ : '. " :/
/' ,0.. ·X
'", ' I:~
D ••••/~: ".
0 .../ ...•:. ';,.,
.,.,/ .... "
~ Ct·_.
O-'------.......----------r--........--....:;.=-----------.---
50
100
~
100 200
Culture days
300 400
Fig. 3 Chan,ges of chromosome ploidy in the cell population of RLl';-25l lines
during in vitro cultivation: Heteroploid transformation is divided into five stages
according to ploidy shift. 1- and II-stages show diploid, III-stage, pseudodiploid,
IV-stage, hypodiploid and V-stage, hypertriploid or hypotetraploid. Neoplastic trans-
formation occurred in IV-sta.;e.
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and hypodiploid cells increased, although the mode of chromosome num·
ber was 42.
(Ill) Pseudodiploid cells comprised the major fraction of the cell
p.)pul::.ttion. A few hypertriploid or hypotetraploid cells began to be reo
cognized. The mode of chromosome number was still 42.
(IV) HYPJdiploid cells became pruminent and hypertriploid or hy-
potetraploid cells increased steadily. A few or none diploid cell were
observed. The mode of chromosome numbers shifted to hypodiploid
range.
(V) Hypertriploid and hypotetraploid cells comprised the major frac-
tion of cell population and a few pseudodiploid and hypodiploid cells were
still recognizable, but diploid cells disappeared entirely. The culture,
therefore, have shifted to heteroploid cells completely.
In RLN·251 lne, by 100 days (4th subculture) the culture stayed in
I-stage, and then shifted to II.stage. By 200 days (9th subculture), the
culture was in III-stage.
What differs in the above mentioned process of heteroploid trans-
formation from the other three p::ttterns (7, 13, 16, 17) is the fact that the
diploid cells in rat liver cell lines shift to hypodiploid cells via pseudodiploid
cells. In the other three p.1tterns no pseudodiploid cells were recognized.
All pseudodiploid cells might be classified ::.ts diploid cell because of
difficulty in identifying the diploid karyotype in mouse and horse cells.
In the present reports, it is also worthy to note that hypodiploid cells
comprise the main fraction of cell population of the culture at a relatively
early stage. HAYFLICK (22) regarded them as the results of excessive
spreading and occassional loss of one or a few chromosomes from a
complement, but in the present study such a view does not apply, because
almost all of hypodiploid cells have one or more abnormal chromosomes
that might have resulted from two or more normal chromosome comple-
ments by breaks or exchanges.
There is a possible mechanism involved with shift to heteroploid.
First, one or more chromosome breaks or chromatid breaks would be
induced by some unknown causes. Then, chromosomes with chromosome
or chromatid breaks induced abnormal chromosomes by intra· and inter-
chromosomal exchanges and thereafter pseudodiploid and hypodiploid
cells with abnormal chromosomes would have appeared. Hypertriploid
or hypotetraploid cells would result from disorders in the mechanism of
cell division following duplication of hypodiploid cells, and eventually
the culture would show unstable mode in the hypertriploid region with
various abnormal chromosomes.
11
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In the four cell lines used in the present experiment, RLN-251, RLN-
187 and RLN-E7-1 became neoploastic at culture day 323, 532 and 389,
respectively. Although relationships between chromosomal aberration
and neoploastic conversion unc1arified, the stage in which the neoplastic
conversion occurs in these three lines is invariably in IV-stage. Therefore,
the IV.stage may be a very important stage for neoplastic conversion as
well as chromosomal heteroploid transformation. There still remains a
problem whether or not it is possible to retain the cultured cells in vitro
without alteration in their essential characteristics for a long-term cultiva-
tion to be resolved by further studies.
SUMMARY
In order to examine how long diploid cells can be maintained in vitro
cultivation without any chromosomal aberrations and to evaluate the
mechanism of chromosomal heteroploid transformation, changes of chro-
mosomes were studied in the course of serial in vitro transfers in four
normal rat liver cell lines.
As a result the diploid cells decreased in number gradually at early
culture stage and disappeared completely in the periods between 350 and
500 days. The culture shifted to heteroploid as follow: diploidy---tpseudo-
diploidy---thypodiploidy---thypertriploidy or hypotetraploidy. This process
to heteroploid transformation is divided into five stages according to
ploidy: 1- and II-stages show diploidy, III-stage, pseudodiploidy, IV-
stage, hypodiploidy and V-stage, hypertriploidy or hypotetraploidy. Chro-
mosomal heteroploid transformation and neoploastic conversion occurred
in IV-stage of the cultures. A possible mechanism involved in the process
of chromosomal transformation was discussed.
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